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ADVANCE CONFIDENTIAL REPORT " 

EXPERIMENTAL VERIFICATION OF A SIMPLIFIED VEE-TAIL THEORY 
AND ANALYSIS OF AVAILABLE DATA ON COMPLETE ' 
MODELS WITH VEE TAILS ’ 

By Paul E. Purser and John P. Campbell 

SUMMARY 


An analysis has been made of available data or. 
vee-tail surfaces. Previously published theoretical 
studies of vee tails have been extended to Include the 
control effectiveness and control forces In addition 
to the stability. Tests of two Isolated tall surfaces 
with various amounts of dihedral provided a check of the 
theory. Methods for designing vee tails were also 
developed and are given In the present paper. 

The analysis Indicated that a vee tail designed 
to provide values of stability and control parameters 
equal to those provided by a conventional tall would 
probably provide no reduction in area unless the con- 
ventional vertical tail is in a bad canopy wake or 
unless the vee tail has a higher effective aspect ratio 
than the conventional vertical and horizontal tails. 

The analysis also indicated that a possible 
reduction in control forces (or In the amount of control 
balance required) can be made by the use of a vee. tail, 
provided large deflections of the control surface do 
not cause a large decrease In the effectiveness and 
Increase In hinge-moment coefficient per degree deflec- 
tion of the control surface. If large-chord control 
surfaces must be used In order to keep the control 
deflections small, the control forces (or the' amount of 
control balance required) on the vee tail are likely to 
be equal to or greater than those for the conventional 
tail assembly. 

The analysis further Indicated that the vee tail 
could have the following advantages over the conventional 
tail assembly: 
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(1) Less drag because the vee tail has fewer 
fuselage-tail Junctures 

(2) Less tendency toward rudder lock 

(3) Higher location of tail surfaces, which tends 
to reduce elevator deflection required for take-off and 
landing, to keep the tail out of spray in flying-boat 
take-off, and to reduce possibilities of tail buffeting 
from the wing and canopy wakes in high-speed flight 

(4) Fewer tail surfaces to manufacture 

On the other hand, the analysis indicated the fol- 
lowing disadvantages that a vee tail might have when 
compared with conventional tails: 

(1) Possible interaction of elevator and rudder 
control forces 

(2) Possible interaction of elevator and rudder 
trimming when tabs are at fairly large deflections 

(3) More complicated operating mechanism 

(4) Greater loads on tail and fuselage, which would 
tend to require increased weight 

The tests of the isolated vee tail indicated that 
the simplified theory developed for vee tails was valid 
for dihedral angles up to about 40°. 

The relative merits of the vee tail and conventional 
tails for spin recovery have not been established, but 
it appears that the vee tail should be at least as good 
as the conventional tail assembly in this respect, except 
possibly in cases in which simultaneous full deflection 
of both rudder and elevator is required for recovery 
from the spin. 


INTRODUCTION 


Early Investigations of vee-tail surfaces were 
reported In 1932 and 1936 (references 1 and 2) . The 
principal advantage claimed for the vee tail was a 
reduction In drag which, when compared with the total 
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airplane drag, was fairly Bmall. As the values of total 
airplane drag coefficient have decreased, however, a 
given reduction in tail-surface drag coefficient ha3 
--■become more important. In the last few years more atten- 
tion has therefore been given to vee-tail surfaces and 
three investigations have been made by the NACA. One 
of these investigations included both theoretical and 
experimental results and was reported in reference 3j the 
other two investigations were wind-tunnel . tests of com- 
plete models with various tail-surface arrangements. 

The present paper extends the theory of reference 3 
to Include control effectiveness and control forces as 
well as stability, summarizes the results of the two 
complete-model Investigations, and reports tests of two 
isolated tail surfaces with various amounts of dihedral. 

A method for designing vee tails Is also given. 


COEFFICIENTS AND SYMBOLS 


The coefficients and symbols used herein are defined 
as follows: 

C L lift coefficient (Z/qS) 

Cj) R resultant-drag coefficient (x/aS) 

Cy lateral-force coefficient (Y/qS) 

Cj rolling -moment coefficient (L/qSb) 

C m pitching-moment coefficient (M/qSc) 

C n yawing -moment coefficient (N/qSb) 

Cjj hinge-moment coefficient (n/qbc 2 ') 

T c effective thrust coefficient (T e /pV^D^) 

where 

X,Y,Z forces along axes defined in figure 1 
L,M,N moments about axes defined In figure 1 

H hinge moment of control surface 
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effective thrust 
dynamic pressure 
actual (not projected) area 
me an(^ge ome tric^ c ho r d 

root-mean-^qfuare chord of control surface 
behind hinge line 

actual (not projected) 3pan 

airspeed 

propeller diameter 
mass density of air 


angle of attack of thrust line for complete 

models and of chord line at plane of symmetry 
for isolated tails measured in plane of 
symmetry, degrees 

angle of yaw, degrees 

angle of sideslip, degrees (~\I/) 

angle of stabilizer with respect to fuselage 
center line measured in plane of symmetry, 
degrees; positive when trailing edge i3 
down 

control-surface deflection measured in plane 
normal to chord plane of tail surface, 

. degrees 

tail length; distance from center of gravity 
to hinge line of control surface 

angle of downwash, degrees 

angle of sidewash, degrees 

rate of change of downwash angle at tail with 
angle of attack 


de/da 
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,da/dj3 rate of change of sidewaeh angie at tail with 
angle "of sideslip 

A aspect ratio (b^/s) 

A. taper ratio; ratio of tip chord to root chord 

P , stick or pedal force 

The • symbols used in the development of the theory 

of vee tails are defined as follows: 

Cj^. lift coefficient of tail measured in plane of f 

symmetry . 

at angle of attack of tail measured in plane of 

symmetry,, degrees . 

C Yt later.al-force coefficient pf tail measured 

normal to plane of symmetry 

0 t angle of sideslip of plane of symmetry 

6 e elevator deflection or elerudder deflection 

when elerudder surfaces are deflected 
upward or downward together, degrees 

6 r rudder ‘'deflection or elerudder deflection when 

elerudder surfaces are deflected equal and 
opposite amounts on the two sides, degrees 

6 er deflection of single elerudder surface, degrees; 

subscripts R and L denote right and 
left elerudder surfaces, respectively 

T dihedral angle of tall surface measured from 

XY-plane of vee tall to each tail panel, 
degrees 

tail lift coefficient measured in plane normal 
to chord plane of each tail panel 

sum of changes in tall lift coefficient normal- 
“ to each tail panel when tail is yawed; 

equal and opposite span load distributions 
overlap so that C^* = KC^, where values 

for K are presented in figure 2 
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k 

a N 


l N 


'^N 


C Y, 


H 


ratio of sum of lifts obtained by equal and 
opposite changes in angle of attack of two 
semispans of tail to lift obtained by an 
equal change in angle of attack for com- 
plete tail (see fig. 2) 

constant of proportionality 

angle of attack measured in plane normal to 
chord plane of each tail panel, degrees 

slope of tail lift curve in pitch measured 
in plane normal to chord plane of each 


tail panel 


>rmai to 

J 


slope of vee-tail lift curve when lift and 
angles of attack are measured in planes 
normal to chord planes of two tail panels 
while angle of attack of tail at is held 


constant and tail is sideslipped 


\docN / 


slope of tail lateral-force curve measured 

/ 6c ?i 


normal to plane of symmetry 


control-effectiveness parameter 


V*p J 

/ac L /ac LK \ 

\ 66 / da N / 


Subscripts: 

wing 


w 

t 

h 

v 

vee 


tail 

horizontal tail 
vertical tail 
vee tail 
elevator 


r 


rudder 
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er is le rudder 

f ' • flap' 

0,\|/j8,a denote partial derivatives of coefficients 
with respect to angle of sideslip, angle 
■ of yaw> control-surface deflection, and 
angle of attack, respectively; for example, 
_-6 C y 

% - dT 


SIMPLIFIED THEORY OF VEE TAIL 
Basic Assumptions 


As Indicated in reference 3, an Isolated vee tail 
may be considered a wing having a large amount of 
dihedral. The basic assumptions usually made for a wing 
with dihedral are used to derive fairly simple expres- 
sions for the stability, control, and control-force 
parameters for vee tails. The span load distributions 
computed by use cf lifting-line theory for wings with 
no dihedral and no sweepback are assumed to be valid for 
wings with dihedral and are assumed to be unaffected by 
interference at the point where the dihedral changes. 

The assumption is also made that, when the effective 
angles of attack of the two panels of a wing with 
dihedral are changed equal and opposite amounts by 
sideslipping, the changes In lift coefficient normal to 
each panel are equal and opposite In sign and are equal 
In magnitude to the changes resulting from equal and 
opposite changes In angle of attack of the two panels 
of a wing with zero dihedral* The assumptions of course 
become less valid as the dihedral Increases. 

In order to simplify the analysis further, the 
longitudinal and directional characteristics are con- 
sidered Independently and the lift and hinge-moment 
characteristics are assumed to be linear dn spite of the 
large control-surface deflections that are required with 
vee tails when full elevator and rudder control are 
applied simultaneously. Considering the longitudinal 
and directional characteristics Independently and not 
accounting for the nonlinearity In the various coeffi- 
cient curves results in Idealized solutions that must 
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be modified in practical applications. The degree of 
modification will of course depend on the characteristics 
of the control surfaces and airplane under consideration. 
The solutions derived herein are presented only to indi- 
cate the general approach to the problem and to present 
some idea of the comparative characteristics of vee and 
conventional tails in the idealized case. 

With these assumptions as a basis, the following 
relationships were developed and are illustrated in 
figure 3s 

(1) For small angles of attack, the angle of ^at tack 
measured in the plane normal to each panel of a vee 
tall is equal to the angle of attack measured in the 
plane of symmetry multiplied by the cosine of the tail 
dihedral angle (fig. 3(a)); thus 


a N = a t coa r 


( 1 ) 


. (2) For small angles of sideslip, the changes in 
angle of attack measured in the planes normal to each 
panel of the' vee.. tail are equal and opposite in sign 
and are equal to the angle of sidesl.ip multiplied by the 
sine of the tail dihedral angle (fig. 3(b)); thus 


ajj = slr * r 


(2) 


(3) The lift coefficient measured in the plane of 
symmetry is equal to the lift coefficient measured in 
the plane normal to each panel of the vee tail multiplied 
by the cosine of the tail dihedral angle (fig. 3(c)); 
thus 



C L,t cot? 

L\ 


(3) 


(4) When the vee tail is sideslipped, the changes 
in lift coefficient normal to each panel are equal and 
opposite in sign and the lateral-force coefficient of 
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■the vee tail is., equal to the sum of the changes in lift 
coefficient normal to each panel of the vee tail multi- 
plied by the sine of the tail dihedral angle (fig. 3(d)); 
thus 


c Y t “ c L n ' sln r 


(4) 


Stability and Control Parameters 

The stability and control parameters for an isolated 
vee tail correspond to the lift and lateral-force 
parameters for a wing with dihedral and can be developed 
from equations (1) to (4) as follows: 

(1) Longitudinal stability as measured by Cj^ : 

_ d ° L t _ fr( c Ls coa r) 

■^t 6a t N cjj 

o 

cos r 

= Ct cos 2 ? (5) 


(2) Longitudinal control as measured by : 


_ ac L t _ *(% 


' L 5 e 66 


6ajj 


= Ct T COS r 


/L a N 


( 6 ) 


(3) Directional stability as measured by Cy-j 5 


6Cy t d ( C L;j f sln r ) 


C 3t d ?t 


a N 


- -C T * sin c r 


sin r 


= -KC t sin'T 
a N 


( 7 ) 
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(4) Directional control as measured by 
_ _ a(c Ls ' Bin r) _ 

Y 6 r d6 r 6a>i rj atf T 

= KCr t sin T 
a N 



sin r 


(B) 


The relation between the stability parameters Cj^ and 
Cyp for vee tails may be obtained as 


C Y 


?t _ 


-KC 


L “N 


sin^P 


2-n 


J «t 


C T cos~; 
La N 


= -K tan 2 P 


( 0 ) 


The relation between the control parameters 

Cy* may be obtained similarly as 
°r 



and 


C Y 6 


r 

e 


KC t t sin P 
■mu: 


°V coa r 


= K tan T 


( 10 ) 


Values of K 




for various aspect ratios 


and taper ratios are presented in figure 2. The values 
were obtained from extrapolation of values of K deter- . 
mined from figure 2 of reference 4 by graphically ' 
integrating the complete load curves for lJOO^, inte- 


grating the right-hand half of the load curve minus the 
left-hand half, and talcing the ratio of the two values. 
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Comparison of Stability and Control of 

Vee and Conventional Tails 

The relation between the total areas of an isolated 
vee tail and an isolated conventional tail assembly that 
provide equal stability can be obtained as follows* 


For equal values of ^ for the vee tail 

the conventional horizontal tail. 


and 


s h c L a . = S V ee^L n , 

t<h t V ee 


= SveeOl flN cos 2 r 


( 11 ) 


For equal values of ( c np) fc 
conventional vertical tail. 


for the vee tail and the 


S v C Y c ~ ^vee^Yg . 

1 “vee 

= SveeKCx^^ sin a r 


( 12 ) 


If the horizontal tail and the vee tail are assumed to 
have the same aspect ratio. 


C 




If the effective aspect ratio of the vee tail, which 
for lateral-force computations is lower than Its 
geometric aspect ratio because of the factor K, Is 
assumed to be equal to the effective aspect ratio of 
the vertical tail, which is higher than Its geometric 
aspect ratio because of the end-plate effect of the 
horizontal tail. 
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C ~.r ■ = f.:c l 

L Pt v 

The assumption of equal lift-curve elopes simplifies 
equations (11) and (12) to 


^h = ^vee Cf33 r 


(13) 


and 


Sy — SyQQ sin r 


(14) 


When equations (13) and (14) are combined. 


3^ + Sy = 




(15) 


But 


cas g r + sir^r - 1 


so that 


s h + ^v ” ^vee (15) 

An isolated vee-tail surface producing stability 
parameters equal to those produced by an isolated con- 
ventional tell assembly (and having equal effective 
aspect ratios) must therefore have an area equal to thst 
of the conventional tell assembly. 

Tf the areas of a vee tail end a conventional tall 
assemtjy a.’c assured tc be made equal to give ocval 
stability arc if equal values of the control- “Effectiveness 
factor t are assumed, the conr.ro 1 parameter; 'or che 
isolated vee tail are greater than for the isolated con- 
ventional tail assembly by the following ratios; 

“fSevoe = 1 

cos T 


(17 a) 
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'and- 



' n 6. 


vee _ 


'ne. 


sin r 


(17b) 


For equal total areas and equal values of (^ 1 %) and 
Crngg ' for the vee tall and the conventional tall assembly, 

the required control-effectiveness factor- t la smaller 
for the vee tall than for the conventional tails because 


and 


T vee 

T h 


cos r 


(18a) 


= sin T ( 18 b) 

T v 


The foregoing analysis is based on the assumptions 
that the control characteristics are linear over the 
entire range of control deflections and that a vee tail 
having values of the control parameters C^g and Cng r 

equal to those for the conventional tail could produce 
the same maximum control as the conventional control 
surfaces by having a maximum elerudder deflection equal 
to the sum of the maximum rudder and elevator deflections 
with the conventional tails. In many practical cases, 
however, these assumptions will not be valid because 
control effectiveness per unit deflection decreases at 
large deflections, and the vee tail will consequently 
compare less favorably with the conventional tails than 
equations (18) indicate. . In fact, if the conventional 
elevator and rudder are already using the maximum 
practicable control-deflection range, the vee-tail 
elerudder deflection will also be restricted to this 
range and the vee tail will consequently require a mudh 
greater control-effectiveness factor t (and therefore 
a control surface of larger chord ratio) than the con- 
ventional tails. 
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Comparison of Control-Force Characteristics of 
Vee and Conventional Tails 

A general solution relating the control-force char- 
acteristics of vee-tall and conventional tail surfaces 
cannot easily be obtained since. In the design of equi- 
valent surfaces of the two types, equal values of the 
longitudinal or directional stability and control 
parameters may be obtained by several variations of the 
geometrical relationship between the two types of tail. 
Usually it will be impossible to obtain equal values of 
all the parameters ( c m a ) t » c m 5e > ( c n p ) t » *nd C^ 

for the two types of tail. By considering the longi- 
tudinal and directional characteristics independently 
and by making certain simplifying assumptions, however, 
expressions can be derived that relate the longitudinal 
or directional control forces for vee tails and con- 
ventional tails. 

Elevator forces. - The elevator control forces of a 
vee tall and a conventional horizontal tail can be 
related by neglecting the directional stability and 
control characteristics and by assuming equal values of 
^m at j C m g , tail length, aspect ratio, and gearing of 

elevator to control stick for the two tails. 

For equivalent longitudinal stability and control 
and with the same aspect ratio of the conventional and 
vee tails, it has been shown (equations ( 13) and (lSa)) 
that the area of the vee tall is related to the area 
of the conventional tail by cos^r and that the 
control-effectiveness parameters of the two types of 
tail are related by cos T. For the horizontal tail and 
a vee tail having the same aspect ratio, the following 
expressions may be derived from equation (13) s 


b 


b h 


vee “ 


cos I' 


(13) 


and 


c h 


°vee “ 


cos r 


( 20 ) 
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Equation (18a) Indicates that, for a given value of 
Cm5 e * the vee tall requires a control surface of smaller 

chord ratio than the conventional horizontal tail but, 
since the over-all tail chord is greater, the actual 
control- surface chord may be greater or less. An analysis 
of the data of reference 5 indicated that the required 
control- surface chord ratio is proportional to some 
power n of the effectiveness. A logarithmic plot of 
the effectiveness data in figure 1(a) of reference 5 and 
figure 1(b) of reference 6 indicates that an average 
value of the exponent n is 1,7 for plain sealed flaps 
having chord ratios between 0.10 and 0.60. Thus 


_C_£ 

’ c h 




and 


'er _ 


= kT 


n 


-vee 


vee 


Then 


or 


c er _ c e 


; vee c h 


fe)" 


'n 


°er _ cos T 
c h 


/ T vee Y 1 _ 1 / T vee \ 

\ T h / cos r\T h ) 


Therefore 


*r=r- = — - — cos 1 ^ = cos 11 " i r 


.n-l T 


c e cos r 
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or 


c er “ ce cos 11- ^ 


( 21 ) 


The stick force is proportional to some factor multi- 
plied hy the product of the hinge -moment coefficient, the 
control-surfece span, and the square of the control- 
surface chord. . Since the factor is the same for equi- 
valent conventional and vee tails. 


Pvee 



vee 


^vee 



p h c h h b h°e 2 


2h vee cos r fco CQS 

°h h b h 5^2 


— ;(coa n 'l r ) 2 ° h 


vee 


cos r 




coa 2n-3 r Jjvee 
c h>, 


( 22 ) 


Vfhen n = 1.7, equation (22) reduces to 


Pyee 

Ph 


cos 


0.4 n 

J. 



(23a) 


Since the value of the cosine is less than 1 for all 
values of the dihedral angle except 0° (for example, 

cos^*^45° =• 0.87), the stick force for a vee tail 


NACA ACR No. L5A03 


17 


— should be less. .than ,for, an equivalent conventional tail' 
if the hinge -moment coefficients are equal. Similarly, 
if the stick forces are equal, the vee-tail control 
surfaces generally do not need to be so closely balanced 
as the conventional surfaces. 


Different assumptions in the analysis will naturally 
lead to different results, some of which will be more 
favorable to the vee tail and some of which will be more 
favorable to the conventional tail. The present analysis, 
however, indicates that some reduction in control force 
or amount of balance required can be obtained by use of 
the vee tail. 


Rudder forces .- In a similar analysis of rudder 
forces’]! it was assumed that the mean chords of the two 
types of tail are equal and that, for the average case, 
the resulting increased aspect ratio of the vee tail 
offsets the end-plate effect of the horizontal tail on 
the vertical tail and causes C]^ 1 to be equal to 


(%K- 


The result of this analysis was 


F vee 

Fv 


sin- 1 -*^r 


c h 

Wee 


C h v 


(23b) 


which again Indicates that the vee tail can have lower 
control forces or can require less balance for the same 
forces than the conventional tall. 


Limitations of Present Analysis 

In the previously developed formulas relating the 
control forces of vee and conventional tails, the ele- 
vator and rudder forces are considered separately and no 
account Is taken of the fact that the lift and hinge- 
moment curves of actual control surfaces are linear func- 
tions of angle of attack and control-surface deflection 
for only small ranges of these angles. In practical 
applications of vee tails, the simultaneous use of full 
rudder and full elevator control will usually place one 
of the surfaces at a deflection outside the linear range 
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of lift and hinge-momsnt -characteristics. This condi- 
tion may be avoided by using control surfaces of larger 
chord ratio and smaller deflections. The U3e of control 
surfaces of larger chord ratio tends to counteract the 
decrease in control forces previously shown possible but 
the smaller deflections required make possib.le the use 
of a more favorable control-stick gearing, which might 
result in a net decrease in control force. The fir.al 
result will of course depend on the amoimt of elevator 
and rudder control required in the specific case and on 
the degree of linearity of the various characteristics 
of the particular control surfaces being considered. 

In many cases these practical aspects of the application 
not only will cancel the gain in control force shown 
possible by use of the vee tail but also rray even 
increase the control force. 

The preceding analysis, however. Indicates that, 
since in the idealized case the; voe tail provides a 
reduction In control force or balance, the choice of a 
tail for any given airplane con be made only after a 
thorough analysis of the requirements of each application. 


DESIGN IIETHODS FCR VEZ TAILS 


■ Design Formulas 


The following formulas for the vee-tail stability 
and control parameters were derived by modifying equa- 
tions (5) to (8) for the Isolated voe tail to apply to 
a vee tail installed on an airplanes 




sin^r 


(25) 
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J vee 


Q.-I- i-i- 

c m 6e - -T t ^ c ^n"3T 008 1 ■■ 


(.26) _ 


Jn Qi 


<3.4- ^ t 

Svee 

q b^ G La N 

Sy 

l t __ 

^vee 

II 

*i 

ii 



sin r 


(27) 


When equations (24) and (25) are combined, 
sion for finding the dihedral required for 

ls * 

[i 


ton 2 ? = - 


D w/j 6f 

c -.v \ 6 a 


ff/%\ 


( 


K 1 + 


— Y 

A?/ 


,n a 


\ 

/t 


the 

the 


expres- 
vee tail 


(26) 


Equations (24) and (25) may be rearranged to give the 
following expressions for the area required for the 
vee tail: 



Equations (26) and (27) may be rearranged to give the 
following expressions for the control-effectiveness 
factor t required for the vee tail: 
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T 



fit h 

q c w 



^788 


coa 


r 


(31) 


and 


' n 6 n 


T = - 


q b w 


vee 


3 w 


sin r 


(32) 


Design Procedure 


Th9 steps In designing a vee tall to produce 
desired values of the stability and control parameters 
may be outlined as follows s 


(1) Decide on required values of (° ra a)t' C° n 3)t' 


and C n g . The vee tall probably should be 


designed to produce higher values of C 


* 6 , 


and . C 


n 6. 


than the conventional tails in order that the eler udder 
deflections can be kept in the linear range of control 
effectiveness against deflection. This point is dis- 
cussed more fully In the section entitled "General 
Remarks." 


(2) Determine values of II from figure 2 of the 
present paper and values of 'Ct^ from figure 3 of 

reference 7. 

(3) Estimate values of da/dp and de/da for an 
average vee-tail^arrangement • Assume F = 35°, 

A+. = 4.5, and — ~ 0.25. References 7 to 9 will be 

helpful in designing for the power-off and windmilling 
conditions . 


(4) Determine 


from equation (28) . 
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ib) Determine ^H-ee from equation (29) or (30). 

(6) Determine t from equations (31) and (32). 

(7) Substitute the larger of the values of t 
obtained from step (6) in equations (26) and (27) to 

determine final values of Cm,. and C n _ . One of 

m o Q “Oj. 

these two values probably will be larger than necessary 
since the two values of t determined from equations (33) 
and (32) will : usnally not be identical. 

(8) Use the value of t from step (7) with fig- 
ure 1(a) of reference 5 to determine the required value 

of c er/ c voe* 


TEST DATA 

Presentation of Lata 


In order to provide a check of the preceding 
development of a simplified theory for vee tails, force 
tests of two isolated tail surfaces (tail surfaces A ana 
B of fig. 4) with various amounts of dihedral were made 
in the Langley free -flight tunnel. A test was also mc.de 
of tail surface B with one tail panel removed to simu- 
late an isoleted vertical tail or the condition approached 
by a vee tail with a dihedral angle of 90°. These data 
are presented in figures 5 to 9. A complete list of 
figures Is presented In table I. 

Some of the data obtained In force tests of a com- 
plete airplane model (figs. 10 and 11) in the Langley 
■7- by 10-foot tunnel and In force and flight tests of a 
complete model of a fighter airplane (fig. 12) in the 
Langley free-fllght tunnel are presented in figures 13 
to 20. 


The results of the tests are presented In standard 
NACA coefficients of forces and moments. The data are 
referred to a system of axes in which the Z-axis is In 
the plane of symmetry and perpendicular to the relative 
wind, the X-axis is in the plane of symmetry and per- 
pendicular to the Z-axis, and the Y-axis Is perpendicular 
to the plane of symmetry. (See fig. 1.) 
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Test Conditions 

The force tests- of the two isolated tail surfaces A 
and B were made in the Langley free-flight tunnel at a 
dynamic pressure of 4.09 pounds per square foot, which 
corresponds to an airspeed of about 40 miles per hour. 

The test Reynolds numbers were about 199,000 for tail 
surface A based on the tail mean geometric chord of 
6*23 inches and 256,000 for tail surface E based on the 
tail mean geometric chord of 8.01 Inches. The effec- 
tive Reynolds numbers, based on a turbulence factor of 
1.6 for the Langley free-fllght tunnel, were about 
319,000 for tail surface A and 410,000 for tail surface B. 

The complete-model tests in the Langley 7- by 
10-foot tunnel were made at a dynamic pressure of 
16.37 pounds per square foot, which corresponds to an 
airspeed of about 00 miles per hour* The test Reynolds 
number was about 733,000 based on the wing mean geometric 
chord of 12.04 inches. Because of the turbulence factor 
of 1.6 for the tunnel, the effective Reynolds number was 
about 1,173,000. 

The force tests of the fighter-airplane model were 
made in the Langley free-night tunnel at a dynamic 
pressure of 1.9 pounds per square foot, which corresponds 
to an airspeed of about 27 miles rer hoar. The test 
Reynolds number was about 166,000 based on the wing mean 
geometric chord of 7.76 int'/joSw '.'.'he effecfi"c Reynolds 
number, based on the turbu '. factor of about 1.6 for 
tho tunnel, was about 266,000. 

All coefficients for. the data obtained in the 
complete-model tests are based cn the area, spar, and 
mein chord of the model v/ing. A. 11 coefficients for the 
isolated-tail data are based on the area, span, sni mean 
chord of ' the complete- tail surface. The coe ents for 

the single panel of tail surface E are also be 'td on the 
area, span, and orord of the cm plete tail sorfree in 
order that the data r.;-?y be considered to apply to a vee 
tail with a dihedral angle of 00°. 


Corrections 

None of the data have been corrected for the tares 
caused by the model support strut. Jet-boundary correc- 
tions have been applied to the angles of attack, the 
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drag coefficients, and the tall-on pitching -moment coef- 
ficients" from' tests in ’the Langley 7- by 10-foot tunnel. 
These corrections wore computed as follows: 


Aa = 57.3^ + 0.017c)|c L (deg) 

A°Er = 6 B §Cl 2 



where 

jet-boundary correction factor at wing (0.119) 

dip total jet-boundary correction at tall 
(0.201 - 0.00063a) 


3 model wing area (8.025 ft) 


c model mean geometric chord (1.003 ft) 

C tunnel cross-sectional area (69.59 sq ft) 



change In pitching -moment coefficient per degree 
change In stabilizer setting as determined In 
present tests 


<lt/9 


ratio of effective dynamic pressure over hori- 
zontal tail to free-stream dynamic pressure 
(assumed to equal 1.0 for this model). 


All corrections were added to the test data. No 
corrections have been applied to the force-test, data 
obtained in the Langley free-f light tunnel, because the 
tunnel cross-sectional area C is large In comparison 
with the wing area of the models S and. the corrections 
are negligible. 
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Tests of Isolated Vee Tails 

Results of tests of isolated vee tails are shown in 
figures 5 and 6, in which lift and lateral-force parame- 
' ters are plotted against dihedral angle for tail sur- 
faces A and B. The results are generalized as variations 
of lift and lateral-force parameter ratios with dihedral 
angle as shov/n in figure 7. The data in figures 5 to 7 
indicate that the simplified theory developed in pre- 
ceding sections of the present paper is adequate. The 
principal discrepancies between the theoretical and 
experimental results occur for the lateral-force-curve 
slopes at dihedral angles greater than 4C°. Such a 
result is to be expected 1 since, as the dihedral angle 
approaches 90° , the two panels gradually approach the 
condition of one panel of one-half the area and aspect 
ratio. This condition is Illustrated In figures 6 and 7 
by the test point at T = 90° for one panel of tail 
surface B. 

The data presented in figures 8 and 9 show that the 
angles at which the lift and lateral-force curves for 
the vee tail depart from linearity are considerably 
larger than the angles at which the curves for the 
normal tail depart from linearity. This result Is to be 
expected, because for vee tails the section angle of 
attack (or angle of sideslip) is smaller than the angle 
measured In (or normal to) the plane of symmetry by the 
cosine (or sine) of the dihedral angle.' 

The experimental data of figures 8 and 9 give 
results similar to those obtained In the analysis, which 
Indicated that a vee-tail surface producing stability 
parameters equal to those produced by a conventional tail 
assembly would have an area equal to the area of the con- 
ventional tail assembly. This result can be illustrated 
by the slopes of the curves as follows: 


Slope 

Conventional tail 

40° vee tail 

mm 

ES9 

0.061 

-.024 

0.040 (from fig. 8) 
-.016 (from fig. 9) 


where all coefficients are based on the area of two 
tail panels. These values of C]^ and Cyp for the 
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conventional ■' tails are about 1.5. times as large as the 
.. values, for the vee tail, but . the conventional tail 
assembly also has 1.5 times "as much area- as— the,, vee 
tail because it- is made .up of three panels- identical 
with the two panels of the vee tail. It therefore, 
follows that, if this vee tail is scaled up so that its 
area is equal to the total area of the conventional tail 
assembly, the stability parameters produced by the vee 
tail will be approximately equal to those produced by 
the horizontal and vertical tails. 


The experimental data ■ of figures 8 and 9 indicate 
that, since Cy^ = 0.048 (based on area of vertical tail) 

and KOi 

IN 


, = 0.67 x 0.061 = 0.041, .the effective aspect 


ratio of the vertical tail was greater than' the effective 
aspect ratio of the vee tail in sideslip, even though the 
vertical tail was tested in the Isolated condition and 
did not have the beneficial end-plate effect of the hori- 
zontal tail. This result is attributed to the fact that 
the geometric aspect rr-.tio of the vertical tail was rela- 
tively higher than usual (one-half that of the vee tail) 
and to the fact that the effective aspect ratio of the 
vertical tail wan higher than its geometric aspect ratio, 
possibly because of an end-plate effect of the streamline 
fairing. In practical cases, the vertical tail and vee 
tail probably will have approximately the same effective 
aspect ratio because the vertical tail will usually have 
an aspect ratio less than one-half that of the vee tail 
a3thou£^i It will benefit from the end-plate effect of 
the horizontal tail. 


* For the .Isolated tall, no reduction in total area 
appears to result fr'om the use of a vee tail unless a 
higher effective aspect ratio is u3ed for the vee-tail 
surfaces than for the conventional tail surfaces. For 
the two complete models tested to date, the vee-tail - 
surfaces have had much higher geometric aspect ratios 
and probably higher effective aspect ratios. For the 
fighter-airplane model tested In the Langley free-flight 
tunned, for example; the values of geometric aspect- 
ratio were 5.1, 3.9, and 1.1 for the vee, horizontal, 
and vertical ' tail surfaces, respectively. A higher 
aspect ratio appears to be the principal factor con- 
tributing to ' the reduction in tot&'l tail area found 
possible for a vee tail and Is of course not an Inherent 
characteristic of a ‘vee tall. Part of the reduction. 
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however, might have been caused by the higher location 
of the vee tail, which places it in a region of less 
downwash particularly for high power conditions, or by 
the shape of the vee tail, which places it away from 
the wake of the coclqpit canopy. 


Tests of Complete Models 

Data from tests of complete models in the Langley 
7- by 10-foot tunnel and in the Langley free-flight 
tunnel are presented in figures 13 to 20. 

Tests in Langley 7- by 10-foot tunnel .- A three- 
view drawing of the complete model and details of the 
tail surfaces tested in the Langley 7- by 10-foot 
tunnel are shown in figures 10 and 11. In these tests 
the only unueual result to be noted Is that the longi- 
tudinal stability contributed by the vee tail, which 
from equation (24) should have been equal to that 
contributed by the conventional tail, was about 10 per- 
cent greater (figs. 13 to 16). The increased effective- 
ness was probably caused by improved tail-fuselage 
junctures. Similarly, the vee tail was about 10 percent 
more effective in yaw than a theoretical comparison of 
the two tails indicated. 

The effects of rudder deflection on the model with 
the vee tail and with the conventional tail at high and 
low angles of attack (a = 0.1° and 8.7°) are presented 
In figure 15. Some asymmetry of the pitching moments 
due to the vee tail In yaw was noted when the elerudders 
were deflected differentially as rudders. The asymmetry, 
particularly at a = 8.7° (fig. 15(b)), occurs because 
in the positive angle -of -at tack range the slope of the 
curve of lift coefficient against angle of attack Is 
greater when a plain flap is at a large negative deflec- 
tion than when the same flap is at a positive deflection. 
Thus, since the effective angle of attack of the vee 
tail varies with yaw and since the tail was already at 
a positive angle of attack, the left-hand half of the 
tail, which had a negative deflection, was operating in 
a range In which the slope of the lift .curve was higher 
than that for the right-hand half, which had a positive 
deflection. The change in pitching moment with rudder 
deflection at zero yaw was a result of simple nonlinearity 
In the curve of lift against deflection. 
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The data of figure 15 also show that the ratio of 
.^adverse rolling momenta to favorable yawing moments ■ 
produced by rudder deflection ia greater for the vee.. 

tail than for the conventional vertical tail. 

■ » 

Additional problems involved in simultaneous opera- 
tion of the controls are the change in elevator stick 
force when a large rudder deflection carries one surface 
out of the linear range, and vice versa, and the possible 
change in trim about one axis when large tab deflections 
are required for trim about the other axis. The magni- 
tude of all these effects will of course depend on 
individual airplane characteristics such as the amount 
of control or trim required,' the length of the linear 
range of control-surface and tab characteristics, and 
the relative magnitude of a given change in hinge-moment 
coefficient when translated into stick or pedal force. 

The curves for results of tests of the vee tail in 
general are more regular and are smoother than the curves 
for results of tests of the conventional tail, particu- 
larly at a = 0.1°. For a = 0.1°, the conventional 
fin stalls rather abruptly at angles of yaw of ±15° and 
then regains effectiveness whereas the yawing-moment 
curves for the vee tail form a relatively straight line 
for values of \1 i up to ±40°. This characteristic 
results probably because the section angle of attack of 
the vee tail is a function of' the sine of the angle of 
yaw and thus the vee tail would be expected to stall at 
greater angles of yaw than the conventional tail. The 
inherent tendency of the vee tail toward later stalling 
is also illustrated in figures 8 and 9. 

The plot of the lateral-stability and directional- 
stability derivatives in figure 16 Indicates that 
neither the vee tail nor the cionventional tail appreciably 
affects the variation of these slopes with lift coeffi- 
cient. One interesting point is that the vee tail con- 

1 ° 

tributed about l?y more- effective dihedral than the 
conventional tail although, the values of C n ^ and Cy^ 
were approximately equal for the two tails. 

Tests in Langley free-f light tunnel .- A three-view 
drawing of the complete fighter-airplane model tested 
in the Langley free-f light tunnel is shown in figure 12. 
Dimensions of the 36° vee tail and the conventional tail 
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tested on the model are alsro given In figure 12. The 
model was tested with vee-tail dihedral angles varying 
from 32.4° to 45°. 

The results of force tests to determine the longi- 
tudinal stability characteristics of the model with the 
conventional tall and the 36° vee tail are shown in 
figure 17.. The data in figure 17 exhibit no unusual 
characteristics, and the flight- test data presented in 
figure 18 provide another quantitative indication that 
the static longitudinal stability characteristics were 
essentially equal with the vee and conventional tails. 

The vee-tail arrangement showed less change of trim with 
power and flap deflection, probably because of its higher 
location. During the flights of the model, the pilot 
could detect no differences in the dynamic stability and 
handling characteristics with the two tails. 

A summary of the stability and control characteris- 
tics measured in force tests of the various vee-tail 
arrangements is presented in figure 19. The scatter of 
the data in figure 19 is caused partly by the slight 
variations in area, aspect ratio, and percentage of 
movable area for the different vee tails as well as in 
dihedral angle. These results indicate fairly good 
agreement between experimental and theoretical results 
except for the values of ^Cnp^ at dihedral angles 

greater than 36°. Similar results were noted previously 
for the isolated- tail tests. 

The fighter-airplane model was also tested in the 
Langley free-flight tunnel on a test stand on which it 
was. free to yaw but was restrained in roll and pitch. 

An indication of the rudder-force-reversal characteris- 
tics of the model with conventional and 43° vee tails 
was obtained with this setup from the trim angles of 
yaw produced by different fixed rudder deflections. 

The results of these 'tests are presented in figure 20. 

The test? showed that with the vee tail the model would 
trim only at fairly small angles of yaw even with full 
rudder deflection. With the conventional tail, however, 
the model yawed to large angles with left rudder deflec- 
tions greater than 13° - an indication that rudder-force 
reversal or rudder lock probably exists for the airplane 
with the conventional tail. Prom these data, therefore, 
rudder lock appears to be less likely to occur with a 
vee tail than with a conventional vertical tail. The 
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previously noted facte that the vee tail stalls at a 
higher angle of sideslip and may require a control 
■surface of smaller chord ratio than the conventional 
vertical tail also indicate less tendency toward 
rudder lock with the vee tail. ■ 


GENERAL REMARKS 

Stability and Control Characteristics 


The foregoing analysis of- vee-tail theory and test 
data has indicated that a vee tail can have the following 
characteristics relative to' those of a conventional tail 
producing the same values of stability and control 
parameters: 

(1) Approximately equal area unless the conventional 
vertical tail is in a bed canopy wake, unless the usually 
higher location of the vee tail places it in a region of 
greatly reduced downwash, or unless thG vee tail has a 
higher effective aspect ratio than the conventional hori- 
zontal and vertical tails. 

(2) Possible inadequacy of controls and interaction 

of control forces when simultaneous full deflection of 
both controls is required. This difficulty is likely to 
be encountered if the vee tail is designed to give values 
of ^6 e ^ n 6 et iual to those provided by a con- 

ventional tail assembly. It is apparent that, if maximum 
rudder and elevator deflections of 25° or 30° are used 
with the conventional tails, elerudder deflections of at 
least 50° or 60° would be required with the vee tail. 

At such large deflections, the elerudder would be 
operating in the nonlinear range of control effectiveness 
against deflection and might possibly be in the range 
where the control effectiveness per unit deflection 
either remained constant or decreased with Increasing 
deflection. One method of avoiding this condition is to 
use a large balanced elerudder surface that produces 
larger values of and C n g r than the conventional- 

tail control surfaces and therefore produces the required 
pitching or yawing moments with smaller deflections - not 
over a total of 30° or 40° - with simultaneous full deflec- 
tion of both rudder and elevator controls. 
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(3) Possible interaction between longitudinal and 
directional trimming when tabs are at fairly large 
deflections. 

(4) Less tendency toward rudder lock. 

(5) Possible reduction in control forces or in 
amount of balance required. 

(6) More dihedral effect due to tail. 

(7) Larger adverse rolling moments with rudder 
control . 

(8) Less change in trim with application of flaps 
or power because of the usually higher location of the 
vee tail. 

Additional points not previously considered are 
that the higher location of the vee tail may decrease 
the ground effect on the elevator control required for 
take-off and landing and should also make it simpler to 
keep the tail out of the spray for take-off and landing 
in flying boats. 


Drag Characteristics 

The data from tests in the Langley 7- by 10-foot 
tunnel shown in figure 13 indicate a decrease of 0.0015 
in drag coefficient from use of the vee tail; tests of 
the same model in the Langley two-dimensional low- 
turbulence pressure tunnel indicated approximately the 
same drag reduction. For the model tested, a large 
part of the reduction was probably caused by a decreased 
fuselage-tail interference with the vee-tail installation 
A vee tail, however, has only two fuselage junctures 
instead of three and some reduction in drag thus is 
usually obtained. 


Compressibility Effects 

For high-speed flight because the vee tail can be 
installed with a better fuselage-tail juncture, the 
effects of compressibility on tail drag should be 
reduced. This advantage, however, tends to be canceled 
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by the fact that, for vee tails, the individual surfaces 
will probably be operating at higher lift coefficients 
for trim and will almost certainly be canceled if the 
tail is so installed on top of the fuselage that a 
sharp vee is formed at the juncture. The location of 
the vee-tail arrangement should place the surfaces 
farther from the wake of the wing and canopy and thereby 
should tend to reduce the possibilities of tail buffeting 
or roughness at high speed. 


Spin-Recovery Characteristics 

Tests in the Langley 20-foot free-spinning tunnel 
of a model of the same fighter airplane that was tested 
in the Langley free-flight tunnel indicated that the 
vee-tail arrangement had slightly better spin character- 
istics than the conventional tail assembly. The improved 
spin characteristics might have occurred because, with 
the vee tail, there was no horizontal surface to blanket 
the vertical tail. The data presented in reference 2, 
although inconclusive, indicated approximately the same 
spin characteristics for the two types of tail. 

At present no general conclusions can be drawn con- 
cerning the relative merits of the vee tail and conven- 
tional tails for spin recovery. Although available test 
data indicate that the vee tail may have better spin- 
recovery characteristics than the conventional tail, it 
is possible that if simultaneous full deflection of both 
rudder and elevator is required for spin recovery the 
vee tail might have less desirable spin-recovery charac- 
teristics than the conventional tail assembly. 


Structural Considerations 

Manufacture and maintenance should be simpler for 
the vee-tail than for conventional surfaces, since no 
vertical tail surface must be manufactured, stored, or 
repaired. The mechanism required to operate the control 
surfaces both as elevators and as rudders, however, is 
somewhat complicated and naturally tends to offset this 
advantage. 

The vee tail, because of its configuration, must 
carry loads that do not contribute to the stability and 
control. This factor will result in higher tail and 
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fuselage loads in both pitching and yawing maneuvers, 
and increased structural weight will be required to 
carry the greater loads. 


CONCLUSIONS 


The following conclusions were drawn from the 
results of the analysis of available data on vee-tail 
surfaces, from an extension of previously presented 
vee-tail theory, and from general comparisons of various 
characteristics of vee-tail and conventional tail 
surfaces: 

1. The use of a vee tail will probably provide no 
reduction in area unless the conventional vertical tail 
is in a bad canopy wake, unless the usually higher 
location of the vee tail places It in a region of greatly 
reduced downwash, or unless the vee tail has a higher 
effective aspect ratio than the conventional horizontal 
and vertical tails. 

2. A possible reduction In control forces (or in 
the amount of control balance required) was indicated 

by the use of a vee tall, provided that large deflections 
of the control surface do not cause a large decrease in 
the effectiveness and Increase in hinge-moment coeffi- 
cient per degree deflection of the control surface. 

If large-chord control surfaces must be used in order to 
keep the control deflections small, the control forces 
(or the amount of control balance required) on the vee 
tail are likely to be equal to or greater than those for 
the conventional tail assembly. 

3. The following advantages can be - obtained with a 
vee tail designed to provide the same values of stability 
and control parameters as a conventional tall assembly: 

(a) Less drag because vee tail has fewer fuselage- 
tail junctures 

(b) Less tendency toward rudder lock 

(c) Higher location of tail surfaces, which tends 
to reduce elevator deflection required for take-off 

and landing, to keep the tail out of spray in flying-boat 
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take-off, and to reduce possibilities of tail buffeting 
from the wing and canopy wakes in high-speed flight 

(d) Fewer tail surfaces to manufacture 

4. The following disadvantages tend to counteract 
the advantages of the vee tails . 

• i 

(a) Possible interaction of elevator and rudder 
control forces 

(b) Possible interaction of e.levator and rudder 
trimming when tabs are at fairly large deflections 

(c) More complicated operating mechanism 

i 

(d) Greater loads on tail and fuselage, which would 
tend to require increased weight 

5. The simplified theory of the vee tail i3 valid 
for dihedral angles up to about 40°. For dihedral angles 
greater than 40°, measured directional stability and 
control parameters were less than indicated by theory. 

6. The .relative merits of the vee tail and conven- 
tional tails for spin recovery have -not been established 
but it appeers that the vee tail should be at least as 
good as the conventional tail assembly in this respect, 
except possibly in cases in which simultaneous full 
deflection of both rudder and elevator is required for 
recovery from the spin. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE I.- PRESENT AT ION OP RESULTS 


Model 

Subject 

Figure 

None 

Sign convention for 
forces, moments, and 
angles 

1 . 

None 

Values of K for dif- 
ferent aspect ratios 
and taper ratios 

2 

None 

Relation of angles and 
force coefficients 
for vee tails 

3 

Isolated tall surfaces 
A and B 

Two-view drawing 

4 

Isolated tall surface A 

Variation of lift and 
lateral-force 
parameters with 
dihedral angle 

5 

Isolated tall surface B 

Variation of lift and 
lateral-force 
parameters with 
dihedral angle 

6 

Isolated tail surfaces 
A and B 

Variation of lift and 
lateral-force parame- 
ter ratios with 
dihedral angle 

7 

Isolated tail surface B 

Cl against a for 

T = 0° (horizontal 
tail) and V = 40° 

8 

Isolated tail surface B 

Cy against \)/ for 

T = 40° and T = 90° 
(vertical tail) 

9 

Complete model (Langley 
7- by 10-foot tunnel) 

Three-view drawing 

10 

Do--- — 

Drawing of conven- 
tional and vee tails 

11 
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TABLE I.- PRESENTATION OP RESULTS - Concluded 


Model 

Subject 

Figure 

Complete fighter-airplane 
model (Langley free- 

Three-view drawing 

12 

flight tunnel) 

. 


Complete model (Langley 
7- by 10-foot tunnel) 

Stabilizer- 

effectiveness tests 

13 

Do 

Elevator-effectiveness 

tests 

14 

Do 

j Rudder-effectiveness 
tests 

15 

Do 

c Y\if» c n\[/» and c l\|/ 
against Cj^ 

16 

Complete fighter-airplane 
model (Langley free- 
flight tunnel) 

Longitudinal -stability 
force-test data 

17 

Do — 

Flight-test data 
(6e against V) 

18 

Do- 

Variation of stability 
and control parame- 
ters with dihedral 
angle 

19 

Do 

Variation of trim yaw 
angles with rudder 
deflection 

20 
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(c) Vee tail in pitch. »»no»«i «d*bory (d) Vee tail in sideslip- 
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Figure 3.- Relatione of angles and force' coefficients 
for vee tail in pitch and sideslip. 
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P/gare 6 . - VcxT/af/or) of Pff and Jadcro.1 - force 
pararnefers of /so/ci, fed iail ear face /3 \pith 
tea / dihedral angle. A -3.70 3 X-O-56; /f-O.6 7. 
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Fig.' 8 



Angle of attack } _>deg 

k/qure 3 . - VcLnat/on of //ft coefficient w/th 
angle of of tack for /sotatedi horizontal fajt and. 
40 0 vcetail. Tail -surface t3- } A =3.70; A = 0.56 ■> 
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Figure. 9.- Van of ion of ta.il faferod -force. coefficient 
with arg/e of yaw for conventional vertical fait 
(single panel of fcul surface S) and. 40° vee feu! 
(tail surface B ). X-0.S6. (Coefficients for doff) 
vertical and wee tails are da seat on area } 
Span j and mean chord of complete tad car - 
-face B.) 
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Figure /o- Comp/eie model cu/th vee fail tested /n Langley 
7- by IO - foot tunnel, //mg area = 8. 0eL5 s g none f&et. 
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Figure //.- Conventional tail and. tee-fail 
surfaces tested on complete model 
in Langley 7- by 10- foot tunnel. 






Lift coefficient > Cl , 

F/gure / 3. - Effect- of tree and com/ent/onoi ta/i surfaces on 
aerodynam/c characteristics tn pitch of a comp/ete 
airplane mode/ tested m the Lanoiey 7-dy / 'O-foot tonne/. 
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Rig. 14a 



fa) fee tail ■ 

Figure / 4. -Effect of e/e nator deflection on aeroa ynamic 
characterenstics m pitch of a complete airplane /node/ 
tested m the Lonq/ey 7-dy /O-foot tunnel. (E) =<£J = 0° 
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Figure /d. - Concluded 
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Angle of a Hack , cf , deg Pi Idling - m/omenf 

coefficient- j Cm 

F/gure 77. — L/ft J drag , and pitch/ ng -moment 
charac ter /slice of f/ghter -airplane mode / tested 
/n the Zangtey free- flight tunnel . Flaps retracted; 7c -Oj d£=0°. 




Airspeed of fu//-acafe curp/ane } Z t rnp/i 


Figure /&. — £/era/or def/ea/ians required /o /nm To ~ 
oca/e -f/gdter- a/rp/ane mode/ a/- \zanous airspeeds 
wt/h conVen/iona.1 and J6° vee /ar/s . Teds mode in 
langjey free ~f//g/ii funne/. 
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Fig. 20 



-SO ■ -40 O 40 GO 

Arg/& of yaw, <p , deg 

F/gure SO. — Tr/m ong/es of yaw ob/p/ns d 
wdh var/ous rudder - peda/ pos/f/ons 
for +he comp/eie figh/er -atrp/ane mods/ 
Tsded /n 7be Lang/ey free -ffghf /unne! iv///i 
con von / iona/ and \ree faz/s. Sf/ck neuiral. 
dy - 0° ■ (X - Q° • q-J.04 pounds per 
aqugre fooi ; 7^ = O. dZ. 




